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Introduction. - An interesting area in the study of semiconductors is now offered by binary or temary defect tetrahedral compounds. Many of them are amorphous over most of the composition range and when they crystallize, their structure is often extremely complicated. A good example of such a behaviour is GexSe 1 _ x [1] [2] [3] [4] . The electronic structure of such systems will become increasingly difficult to obtain by standard numerical techniques. A few attempts have been made, in Si02 [5] [6] [7] , SixGel-x02 [8] , AIP04 [9] for instance. However these are still simple crystalline systems with relatively small unit cells.
We then believe that it is useful to extend to the more complicated cases simplifying techniques such as the Hückel theory or tight binding approximation which has provided the simplest meaningful analysis of covalent, III-V and II-VI semiconductors [10] [11] [12] [13] [14] [15] [16] . It also applies to lone pair semiconductors such as Se and Te, leading to an essentially correct description of their valence bands [17] [18] [19] [20] . One can thus hope to obtain a similar success for defect tetrahedral compounds.
Our aim in this work is to use such a tight binding Hamiltonian and derive general properties which only depend on the local coordination. This is reminiscent of the work done in normal tetrahedral semiconductors [10] [11] [12] [13] [14] [15] [16] . We shall consider here the general class of solids having local 4-2 coordination. Some of the sites have four nearest neighbours at the corners of a practically regular tetrahedron, the other atoms having two nearest neighbours.
The most important group of this family corresponds to compounds having only two types of atoms A and X, the A atoms being tetrahedrally coordinated with X atoms as nearest neighbours. The stoichiometric formula for these compounds is AX2. Such structures are obtained essentially for II-VII2 and IV-VI2 compounds [21] . To these one must add Be(CH3)2 and Mg(CH3)2 [22] . These systems crystallize either in chains, layers or tridimensional structures.
A second group corresponds to AB X4 compounds derived from the 'V-V'2 and which are either III-V-VI4 or II-VI-VI4 systems. They are obtained by replacing the A sublattice of the first group by an ordered AB compound. Again one must add to these FeP04, MnP04 and LiAI(C2H5)4 [22] and a large group of crystals of which ZrSi04 (Zircon) is a typical example [23] .
The third group includes all systems of formula A X2n and AB X4n (n being an integer greater than unity), the tetrahedra being centred on A and B atoms.
We begin by giving a formal treatment of the band structure without any specification for the bonding units. This is done in sections 1 and 3 for homopolar and heteropolar tetrahedral sublattices respectively.
We also calculate formally the « s » or « p » character of the wave functions on the tetrahedrally coordinated atoms in sections 2 and 4. This is then applied in section 5 to the specific case of AX2 and AB X4 compounds for which the general trends of the band structure with ionicity and bond angle are discussed. Finally section 6 describes the numerical results obtained for these systems and discusses the trends in more details. [11] ). We shall demonstrate in the following that the band structure of the whole system can be completely deduced from Combining equations (16) and (18) Leman and Friedel [11] (27) and (28) [17] [18] [19] [20] . This conclusion might be altered in a more refined model where the « Pz» band could possibly be broadened sufficiently to overlap the antibonding states. However this is very unlikely for all the cases we consider later, all the fundamental gaps being greater than 2 eV.
The shape of the bands when the parameter f is varied is pictured on figure 4 in one typical case. The same is done versus 0 in figure 5 . The bands are very sensitive to this angle and band crossing can occur for critical values of 0.
We now briefly discuss the ionic character of these compounds. For this it is convenient to consider two possibilities : -E; EsA EA : let us start from the atomic limit p 0 (or d --+ oo) where the bands condense into the atomic levels. In this case all 12 electrons of the AX2 unit will occupy the p states of the X atom. This is thus the completely ionic limit where all the electrons are on the more electronegative X atom. The corresponding chemical formula would be A4+(X2 -)2 for IV-(VI)2 compounds and A 2 '(X-)2 for II-(VII)2 compounds. In contrast the strongly covalent situation 1 f 1 --&#x3E; oo leads to bonding states whose population is equally shared between the A and X atoms. The formulae would then become A°(X°)2 and A2-(X+)2 respectively. E s A Ex Ep : the situation in the atomic limit now becomes less ionic than before. One has 2 s electrons on the A atom. One can refer to this as the partially ionic limit, with formulae A 2 ' (X -)2 for IV-VI2 compounds and A 0(XO)2 for II-VII2 compounds. The covalent limit gives the same result as before.
To end this section we briefly consider AB X4 compounds treated within the same model as AX2 systems. The second order equations giving the band limits for AX2 compounds are changed into fourth order equations. The number of band limits is thus doubled which means that new gaps related to the AB ionicity are now opened as is intuitively evident. A typical example of this is given on figure 6 (which corresponds to figure 4 for AX2). 5. Discussion. - We must now devise a systematic method of choosing the parameters to be used in our tight binding Hamiltonian. The intraatomic parameters are taken to be equal to the free atom term values [25, 26] . This approach has been used with fair success for AB tetrahedral compounds [27, 28] as well as for Se and Te [19] . For [11, 12] 7 . We assume that this is a universal law. Such a procedure has been used in [29] for tetrahedral systems. [25] or [26] (see 127, 28] figure 8 shows that the partial « s » and « p » densities of states are in good agreement with X-ray emission measurements [31] . The major discrepancy comes from the fact that our valence bands are too narrow, leading to an important gap in the valence band. However this is a well known deficiency of our simple model [11] which can be easily remedied for when adding further interactions. One must also notice that our model gives only a crude estimate of the fundamental gap and a poor description of the conduction band as in normal tetrahedral systems [11] . Let us now discuss the trends which we predict along the families of AX2 systems. To [21] in which the 0 bond angle is close to the regular tetrahedral value ( = 109°). This will in fact broaden the bands with respect to the situation where 2 0 = 80°b ut will not change their qualitative nature. [22] . As for SiS2 the bond angle is near 80°. We have explicitely considered BeC'2. Figure 9 shows that we are now in a limiting case of nearly band crossing for the valence band states. 2b) Layer structure : the most representative compound of this group is red HgI2 [21] . It also contains ZnC'21 ZnBr2 and ZnI2. Here 2 0 is of the order of 103°. We have chosen as representative example ZnCl2. Figure 9 shows that for this group the results are essentially equivalent to those found for the chain structure 2a).
STRONGLY IONIC
2c) Three-dimensional network : BeF2 is the most well known compound of this group. It is formed from BeF4 tetrahedra linked through vertices and may have cristobalite, quartz or silica-like structure, with a bond angle 20 = 155° [22] . Here, as shown on figure 9 , there is no ambiguity in the band structure which is, as we shall see, qualitatively similar to what is obtained for quartz. 
